Food of the Gods

Cacao and Marker-Asssted Saection

A branch of acacao treein western Ecuador killed by witches
broom disease. Protruding from some leaf midveins are whitish

fungal structuresthat send thousands of spores onto other trees.
F cultivated cocoa beans—the seeds of Theobroma

cacao. They believed that the cacao tree originated
from a divine source—the wise god Tula Quetzal coatl—who
brought its seedsto cultivatein hisgarden hereon Earth. Tula's
mythol ogical legacy has since become an important cash crop
in the tropics of Central and South America, Asia, and Africa
that iscritical to the profitability of the multibillion-dollar U.S.
chocolate industry.

But cacao cultivationin Central and South Americaisthreat-
ened by two major diseases. During the past decade, Brazil's
main production areain the state of Bahia has been devastated
by afungal disease called Crinipellis perniciosa, or witches
broom. The fungus penetrates stem and fruit tissue, inhibits
pod formation, and destroys a tree’'s mature pods. In only 12
years, Brazil, which used to export about $100 million worth
of cocoa beansto the United States every year, has gone from

being the world'sthird largest exporter of cocoabeansto anet
importer of beans.

or centuries, theAztecs of central and southern Mexico

New Threats

Globally, all major cocoabean-producing regionsare facing
serious disease and pest problems. Another fungal disease,
monilia pod rot (frosty pod rot), has forced abandonment of
many cacao farms in Ecuador, Colombia, and Costa Rica. A
new species of black pod caused by Phytophthora megakarya
has the potential to cause severe lossesin West Africa’s cacao
production areas. West Africacurrently suppliesover 50 percent
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Pods of Theobroma cacao in central Costa Rica display symptoms of
thefungal disease black pod. This disease causes podstorot on the
cacao treeduring the last stages of ripening.

of the world’s cacao. Witches' broom and monilia pod rot are
found only in Central and South America, and the new species
of black pod is restricted to Africa. If witches' broom and
monilia become established in West Africa, the results would
be devastating to world cocoa markets.

In an effort to help find ways to increase cacao’s disease
resistance, Agricultural Research Service scientists, led by plant
geneticist Raymond J. Schnell, have signed a $500,000-per-
year cooperative research and development agreement with
Mars, Inc. Its goal is to develop a USDA-managed,
internationally coordinated, genetic-marker-driven, cacao
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Technician Randy Wisser sequencesresistant gene homologuesto
use as molecular markersin cacao genome mapping.
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breeding-research program. This program will use a marker-
assisted-selection (MAS) approach to select for new varieties
with resistance to witches' broom, monilia pod rot, and black
pod. Schnell is at the ARS Subtropical Horticulture Research
Station (SHRS) in Miami, Florida.

Researchers anticipate that MAS will be key to rapid
development of disease resistance in the cacao tree. One of the
principal applications of MASisto allow breeders to identify
disease- or insect-susceptible seedlings and eliminate them very
early in the selection process. This allows subsequent progeny
to be more intensively selected for other agronomic and
complex inherited traits, such as those that interact with
environmental factors. MA S has been especially helpful intree
crops, such as cacao, with long gener-
ation times.

“Using traditional methodsto breed
cacao is a slow process, and most
breeding programs have been based on
a very narrow genetic base,” says
Schnell. “MAS couldimproveefficien-
cy in breeding for quantitative and
gualitative traits if molecular markers
can be found that are linked to those
traits.”
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Taking Inventory

Molecular markerswill also be used
to genetically fingerprint all accessions
in the major cacao germplasm col-
lections in the Americas. This infor-
mation will help broaden the genetic
base to which researchers have access.
Thefingerprinting takes placeinthelab
of James A. Saunders in Beltsville,
Maryland. Researchers in Miami will
then work toward identifying the genes
involved in disease resistance reac-
tions, using sophisticated techniques
called expressed sequence tags and
microarray technology.

“We'll use these techniques to help
us understand the molecular basis of
resistancein cacao,” says Schnell. “Inthe past, weweren't able
to do thisin such a comprehensive way.”

Researchers will be able to share the information they gen-
erate through establishment of a bioinformatics center, where
computers will maintain a cacao genome database. Users will
be able to cross-query other databases.

ARS researchers have already identified several genes that
may be involved with disease resistance in cacao. “Using a
candidate gene approach, we have identified 75 resistant gene
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Geneticist Raymond Schnell examines a cacao
pod produced from controlled pollination.

homologues (RGH) that can be placed into 11 different groups
from T. cacao,” says Schnell. “In the model species, Arabi-
dopsis thaliana, resistance genes are clustered. If this proves
true for cacao, the RGH’s provide us with a means to locate
other resistance genes in the genome.”

Speeding Up Success

The SHRSispart of the National Plant Germplasm System.
Researchersthere have devel oped molecular marker technolo-
gy to fingerprint the collections of cacao, tropical fruit crops,
and ornamental germplasm. Molecular markers are generated
in severa different ways, and it is customary to tailor the type
of marker to the species and the situation. “We are currently
using simple sequence repeat markers,
also known as microsatellite markers.
Newer, more precise markers are con-
stantly being developed, as are im-
proved methods for high-throughput
and improved accuracy of genotyp-
ing,” says Schnell.

Collaborative projects have been
established with scientists in Brazil,
CostaRica, Trinidad, Ecuador, and the
United Kingdom, at institutesthat tra-
ditionally work with cacao. “Using
popul ations devel oped by collaborat-
ing scientists and segregating for re-
sistance to witches' broom and frosty
pod, we're producing genetic linkage
maps using microsatellite markers.
Theselinkage mapsare similar to road
maps and allow us to locate genes on
each of the 10 chromosomes of cacao,”
says Schnell.

Researchers hope that thisunprece-
dented multinational effort to survey
genetic diversity, identify the genes
responsiblefor diseaseresistance, and
develop new disease-resistant varieties
will support and improve cacao
production abroad, where disease has
threatened to undermine this valuable
commodity.—By Jesls Gar cia, ARS.

Thisresearchispart of Plant, Microbial, and I nsect Genetic
Resources, Genomics, and Genetic Improvement, an ARS
National Program (#301) described on the World VW de Web at
http: //Mmww.nps.ars.usda.gov.

Raymond J. Schnell is with the USDA-ARS Subtropical
Horticulture Research Sation, 13601 Old Cutler Rd., Miami,
FL 33158; phone (305) 254-3611, fax (305) 238-9330, e-mail
miars@ars-grin.gov. [
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